Objective: Blood flow in internal thoracic arteries (ITAs) may become blocked in patients who have had minimally invasive repair of pectus excavatum (MIRPEx). Aim of this study was to investigate patency of ITAs in patients who underwent MIRPEx with pectus bars that were specially designed to protect ITAs.
INTRODUCTION
Pectus excavatum (PEx) is the most common anterior chest wall deformity. [1, 2] It is characterized by posterior depression of sternum and costal cartilages. [3] Manubrium and first 2 cartilages are usually in normal position. [4] Typical presentation of PEx is narrow chest, dorsal lordosis, "hook shoulder" deformity, protruding costal cartilages, and poor posture. [5] PEx is well tolerated in infancy and early childhood, and is usually asymptomatic. In older patients, shortness of breath and palpitations may be seen. [6] When symptomatic cases are investigated for respiratory or cardiac signs, often no obvious pathology can be detected. PEx may be accepted as body dysmorphism with psychosocial consequences. Decreased quality of life is prominent finding in clinical setting. [7] Surgical correction of PEx improves quality of life by addressing physiological and cosmetic problems, which may help to alleviate psychological symptoms.
Ravitch sternoplasty is classic operative technique defined in 1949 and subsequently modified. [8] Due to obvious surgical scar on the chest after Ravitch procedure, minimally invasive repair of PEx (MIRPEx) gained popularity for correction of PEx. This method first described by Dr. Nuss in 1987 and published in 1998 is also called Nuss procedure. [9] Curved nickel and stainless steel bar is placed under the sternum with thoracoscope. Pressure exerted by bar aids in repositioning skeletal structure. Bar is later removed in second operation. Blood flow of internal thoracic arteries (ITAs) may be compromised by pectus bar; diminished or obstructed flow has been reported in several studies. [10, 11] The present study sought to evaluate effect of bars specially designed bars to preserve ITA patency.
PATIENTS AND METHODS
This prospective study was conducted between April 2014 and December 2014 with approval of the Yeditepe University Faculty of Medicine ethics committee (date: March 11, 2014 ; number: 402) and with written, informed consent of all study patients. Total of 22 patients between 16 and 23 years of age (19 male and 3 female patients with mean age of 18.81±2.48 years) with PEx deformity who were to undergo Nuss procedure were enrolled in the study. Preoperative thorax computed tomography angiography (CTA) was performed and ITA blood flow was evaluated by 2 experienced radiologists ( Figure 1 ). Patients under 16 years of age, with history of thoracic surgery, whose prominent costochondral deformity cannot be corrected with this procedure, and patients with abnormal ITA blood flow were not included in the study. Preoperative evaluation consisted of respiratory function tests, electrocardiography, posteroanterior and lateral chest X-rays, and complete blood count. Detailed explanation of surgical technique has been provided elsewhere. [12, 13] In the operation, specially designed pectus bars shaped to provide a channel that protects ITAs and prevents bar-induced pressure (Tasarimmed Tibbi Mamüller San. ve Tic. Ltd. Şti., Figure 2 ) were inserted. On postoperative 10th day, second thorax CTA was performed to evaluate blood flow in ITAs. According to blood flow characteristics, patients were divided into 2 groups: Patients with normal blood flow and no change in patency formed the unaffected group (Group 1), and patients with diminished blood flow (monophasic low flow rate) or obstruction (no flow), bilaterally or unilaterally, made up the affected group (Group 2). Patient data were analyzed according to gender, age, symmetry of deformity, Haller index value, and number of pectus bars inserted.
Statistical analysis
All analyses were performed using SPSS for Windows, version 17.0 (IBM Corp., Armonk, NY, USA). Patient characteristics were evaluated using descriptive statistics. Categorical data comparisons were performed using Fisher's exact test. For continuous data comparisons of the 2 groups, Student's t-test was performed. P value <0.05 was accepted as statistically significant. In presentation of descriptive statistics, continuous data were presented as mean±SD, and categorical data as frequencies and percentages.
RESULTS
Total of 19 male and 3 female patients with age range of between 16 and 23 years (Median age: 18 years; mean age: 18.81±2.48 years) were included in the study. Patient age, gender, deformity type, Haller index value, number of bars inserted, and bar length data are provided in Table 1 . On postoperative 10th day, thorax CTA was performed to reevaluate blood flow in ITAs. Table 2 illustrates comparison of affected and unaffected groups by age, gender, deformity type, Haller index, and number of bars used. Blood flow was not affected in 18 patients (Figure 3 ). Only 4 patients exhibited unilateral blood flow obstruction ( Figure  4) . Detail of type of unilateral involvement is presented in Table 3 . There were no statistically significant differences found between groups in terms of age, gender, deformity type, Haller index value, or number of bars used (Table 2; p>0.05). There were no female patients in group with compromised blood flow ( 
DISCUSSION
MIRPEx procedure became popular in the beginning of 21st century, and is preferred by many clinics around the world. Low rates of morbidity and mortality, as well as satisfactory cosmetic results make this technique preferable to earlier options. However, in some case series, high complication rates of 15% to 63% have been reported, most often pneumothorax or need for bar replacement. [14] [15] [16] [17] [18] Incision site seroma, pleural effusion, pericarditis, pericardial effusion, hemothorax, atelectasis, sternal fracture, diaphragm hernia, and bleeding have also been reported. [15, [19] [20] [21] [22] [23] In 1 review of 19 reports, no mortality was observed and morbidity was reported as 15.4%. [24] Occasional case reports have been published about death after Nuss procedure due to right atrial and ventricular laceration, or cardiac tamponade. [25] [26] [27] Recent advances in surgical techniques may help prevent complications and lead to fewer events occurring in peri-and postoperative period of Nuss procedure.
ITAs are located at posterior side of the sternum and pectus bar is superimposed over them. Some studies have addressed ITA blood flow occlusion after Nuss procedure. Yuksel and colleagues reported 44.1% of patients who underwent Nuss procedure with classic, straight bar had affected ITA blood flow. [10] Pressure exerted by pectus bar could also be observed with thoroscopy ( Figure  5 ). In the present study, we aimed to preserve ITA blood flow via specially designed pectus bars bent to arch over ITAs. Blood flow before and after the operation was examined using thorax CTA. Thorax CTA findings obtained before the procedure were also used to design the personalized pectus bars. Hypothesis was that individually designed bars would not create pressure on ITAs and obstruct ITA blood flow. There was no ITA occlusion in 81.8% of the patients (n=18) in this study; only 18.2% of the patients (n=4) had unilateral occlusion (right ITA in 2 patients and left ITA in 2 patients) after the Nuss procedure. There was no statistically significant difference Preoperative Postoperative between groups according to age, gender, deformity type (symmetric/asymmetric), Haller index value, or number of bars used. When compared with previous report of 44.1% of patients with compromised ITAs when classic bar was used, current study result was occlusion in only 18.2% of patients. [10] Some complications were experienced. Pneumothorax occurred in 3 patients. Needle aspiration was required in 1 case; the other 2 patients had spontaneous recovery. In 1 patient, scar tissue inflammation developed and was revised surgically. In 2 patients there was chronic drainage of pus. One case resolved after lower bar was removed. The other case resolved with cortisone treatment. In 1 patient there was hyperpigmentation at site of bar insertion. In 1 patient, ITA aneurysm occurred due to trauma exerted by bar during insertion and turning process. In another patient, we had to remove the bar before end of treatment period due to pain complaint. After these 2 cases, study was terminated with total of 22 patients.
To conclude, in the present study, specially designed pectus bars were used in MIRPEx procedure to decrease pressure on ITAs. Only 1 in 5 patients subsequently experienced unilateral ITA occlusion. In future, it may be possible to avoid pectus bar-induced ITA occlusion. However, at present it is still unclear why some patients still manifested ITA occlusion. ITA evaluation before and after bar removal surgery could provide valuable information to determine if occlusion is reversible or irreversible.
